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BY HAND
The Honorable Reed E. Hundt
Chairman
Federal Communications Commission
1919 M Street, NW, Room 814
Washington. OC 20554-0001

Cellular
Telecommunications
Industry Association
1250 Connecticut
Avenue, N.w.
Suite 200
Washington, D.C. 20036
202-785-0081 Telephone
202-785-8203 Fax
202-736-3256 Direct Dial

Randall S. Coleman
Vice President for
Regulatory Policy and Law

Re: ET Docket No. 93-62 (Guidelines for Evaluating the
Environmental Effects of Radio Frequency Radiation)

Dear Mr. Chairman:

In this proceeding, the Commission has proposed the adoption of the 1992
American National Standards Institute/Institute of Electrical and Electronic
Engineers standard (ANSI/IEEE C95.1-1992) for safety levels with respect to human
exposure to radio frequency electromagnetic fields. In recent weeks. it has come to
CTIA's attention that another option, adoption of a hybrid of ANSI/IEEE C95.1-1992
and the 1986 recommendations of the National Council on Radiation Protection and
Measurement (NCRP Report No. 86). is also under consideration within the
Commission. ANSI/IEEE C95.1-1992 and NCRP Report No. 86 are similar except
that the latter has been characterized as "more protective" for athermal (e.g.,
cancer-causing) effects at higher frequencies.

CTIA has urged the Commission to adopt the ANSI/IEEE C95.1-1992 in its
entirety as the most technically sound and scientifically-based approach.1

ANSI/IEEE C95.1-1992 is supported overwhelmingly by the record in this
proceeding and by a broad consensus of experts within the scientific community as
the appropriate basis for assuring the safe use of cellular and PCS products
entering the U.S. marketplace. Additionally, the views expressed by proponents of

1 See Comments of CTIA, ET Docket No. 93-62, filed January 25,1994; Ex Parte Letter of Randall S.
Coleman, CllA, to William Caton, FCC, ET Docket No. 93-62, filed March 12, 1996.
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NCRP Report No. 86 have been rebutted by the IEEE.2 As you are aware, authors
of NCRP Report No. 86, including its chairman, have urged the Commission to
adopt the ANSI/IEEE C95.1-1992 in its entirety and have explicitly opposed the
incorporation of any portion of NCRP Report No. 86.3 In essence, the IEEE's
thorough review of the peer-reviewed scientific studies completed since the
completion of NCRP Report No. 86 supports CTIA's conclusion that there is no
scientific basis for adopting the exposure limits of NCRP Report No. 86.

For your information and review, I have attached a copy of the statement of
the International Commission on Non-Ionizing Radiation Protection (ICNIRP) on the
subject of "Health Issues Related to the Use of Hand-Held Radiotelephones and
Base Transmitters." This statement, which appears in the April 1996 issue of Health
Effects, The Radiation Protection Journal, constitutes the most recent review of the
published data on adverse health effects of exposure to radio frequency radiation
and demonstrates that the international scientific community also agrees that there
is no evidence of a link between RF exposure and athermal effects. The ICNIRP
statement is consistent with prior studies in the United States in concluding that
"There is no substantive evidence that adverse health effects, including cancer, can
occur in people exposed to levels at or below the limits on the whole body average
[specific absorption rate] recommended by ICNIRP [in IRPAIINIRC 1988].'.4
IRPAIINIRC 1988, an international standard for RF exposure, is virtually identical to
ANSI/IEEE C95.1-1992.

2 See Reply Comments of IEEE Standards Coordinating Committee 28, Prepared by the
Subcommittee 4 Working Group on Interpretations and Endorsed by a Consensus of Subcommittee 4,
ET Docket No. 93-62, filed April 21, 1994.
3 See Reply Comments of Arthur W. Guy, Ph.D., Emeritus Professor, Center for Bioengineering,
University ofW8shington, ET Docket No. 93-62, filed March 9,1996.
4 ICNIRP Statement at 592 (Conclusion 4).
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The near unanimity that the Commission should adopt ANSIIIEEE C95.1­
1992 cannot be overcome, particularly given the meager and contested support for
NCRP Report No. 86. CTIA again urges the Commission to adopt ANSI/IEEE
C95.1-1992, as originally proposed.

Sincerely yours,

?~S'~
Randall S. Coleman

Attachment

cc: Commissioner James H. QueUo
Commissioner Susan Ness
Commissioner Rachelle B. Chong
Michele Farquhar
Richard M. Smith
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----------ICNIRPStatement----------

HEALTH ISSUES RELATED TO THE USE OF HAND-HELD
RADIOTELEPHONES AND BASE TRANSMI1TERS

International Commission on Non-Ionizing Radiation Protection·

INTRODUcnON

THIS STA1DIIN1' from the International Commission on
Noa-1oaiziDC Radiation Protection (ICNIRP) addIesses
the t.kh iuues related to the radiofrequeacy radiation
emiIIions from hind-held radiotelephones and base
aaasmium.

ICNDtP bas previously reviewed the published data
on adverse health effects of exposure to radiofrequency
fIdiIlIion. Tbis review was publilbed by the World
HeIldl OrpDi.Iation (WHO) (UNEPIWHOIIRPA 1993)
aDd. topther with t1Irtber review of more recent scien­
tific publications, forms the basis for this statetDeDt.

"GuidetiDu on limits of exposure to radiofrequcacy
elec:awuperit;: fieJda in the frequcacy !'IDF 100kHz to
300 GHz" wu 'publilbed in 1988 by the predecessor of
ICNIRP, the International Non-Ioniziq Radiation Com­
miuee (lNlRC) of the International Radiation Protection
AssociaIion (lRPA). These guidelines included limits for
bcHb whole and partial body exposure in terms of specific
abIorption rate (SAR) and were intended to prevent the
effects of wbole body or localized beating. SAR is the
power absorbed per unit mass (wan per kilogram,
W q-I). The pidelines were not intended to apply to
low power radio transceivers whose radiated power is
less than 7 W.

Since the publication of these guidelines there has
been a sipificant increase in the use of hand-held

•At die 8th lDla'nI&ioDaI Conpas of the IntcmalionaJ Racliation
Praceccioa AAociaIioa <MoncreaJ. 18-22 May, 1992). !be IRPA
eslablilbed a new iDdepeadcDtscientific OfIUIizalion. !be lntenlllionaJ
ConmIiuioa on Noa-loniziDl Racliation Prow:tion (ICNIRP), as a
coatillualion of die former IRPAIlntemationaJ Non·lonizing Racliar.ion
Coamaee (lRPAIJN1RC). The fuacuons of !be Commission are to
invaaiplc DOII-ioDizin& racIiaIion (NIR) huarcIs. develop intemationaJ
picIIIiaea on limitina exposure to NIR and to dcaI wi!b all aspecu of
NIR pnIIIC1ion. Durinl the preparation of Ibis sWlmen!. !be compo­
sition of die Commission was as follows: M. H. Repacholi. Chairman
(AuInIia). M. Grandolfo, Vice-chairman (Italy), A. Ahlbom (Swe.
cIlID). U. BeraqVlSt (Sweden). 1. H. BcmIlardt (Germany), J. P. C6sarini
(Fnace). L. A. Court (France), A. F. McKiAlay (UK). O. H. Sliney
(USA). 1. A. 1. Stolwijk (USA). M. L. Swicorcl (USA). L. O. Szabo
(H....lI')'l. T. S. Tenforde (USA). H. P. Jammet. Cbainnan-emeritus
(~), R. Maabes. Scienufic Secrewy (Germany). ICNIRP Secre­
airial, clo Dipl.-1n&. R. MllUhes. BUDdeIamI fUr Strahlensc:butz,
1DIl:iIut fUr StrlbleMyJia!e. In.olsti4ter Landstralle I. 0·85764
~m. Gemlany.
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radiotelephones, together with an extension of the cov·
erage of reception areas with more fixed base transmit·
ters, often sited in residential areas. This has led to
conc:ems being expressed about risks to health, and in
particular about cancer, from the emissions of such
telepboaes and their base stations. The adequacy of
current protection limits has also been questioned.

FollowiDl the extensive review of the bealth effects
of RF expolUR conducted in conjuuction with WHO
(UNEPIWHOIIRPA 1993), ICNIRP is fannulating
guidelines on exposure limits.

The frequcacy !'IDle of emissions of ~ost hand-held
radiotelephones is from about 800 MHz to 20Hz.
However, it is likely that further technological develop­
ments will lead to the use of biper frequencies.

TECHNICAL CHARACTERISTICS

Hand-beld radiotelephone systems involve commu­
nication between mobile handsets and fixed base trans­
mitters that provide coverage of specific areas (cells). In
the mid 1980's a fllSt leneration of analogue radiotele­
phone systems was introduced using frequencies less
than 10Hz. In the absence of a global standard different
systems have appeared. Analogue systems are in wide­
spread use tbroulhout the world and are expected to
remain in existence uutil early in the next century when
padua). replacement by digital systems will be complete.

Digital systems are based upon the harmonized
European standard known as OSM, named after the
Group Sp6ciale Mobile, which originally drafted its
specification. The initial frequency allocation for OSM is
adjacent to that of the analogue system to allow the
frequency spectrum to be gradually transferred as de­
mand shifts from analogue to digital. A funher set of
digital communications systems. known as Personal
Communication Network (PCN), is based on the OSM
standard. One such system is known as DCS 1800 and
operates within a band of frequencies spread around
1.8 OHz. Each 25 kHz channel of the analogue system
carries one call; however. the digital systems use the
Time Division Multiple Access (TDMA) scheme to carry
up to eight calls per 200 kHz channel.

Packets of information, known as bursts, are trans­
mitted to and from each mobile base station in the
appropriate time slots. An important feature of mobile
communication systems is adaptive power control. ThIS
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is used to ensure that communications are carried out
with an adeq\We sipal to noise ratio but not with
unnecessarily !lilb power which would interfere with
calls inl4~t sipal lIeU aDd dius reduce the capacity
of lie netWork.Por the purpose of cxpoIUIe c:alculatioDS,
it i.S necesAiy to usume that me I'Idiared power is equal
tCJ the maximum possible, althouJh this is never likely to
fJe the cue.

Handsets are small compact ttanseeivers which are
normally beJd apiDst the head while a call is made. Their
signal l'IdiatiDg and receiving strUcture is normally a
monopole anrana. or occasionally a sleeve dipole an­
tenna. mouDt.ed on a metal box. The head of the user is in
the near field of me source because the dialDce from me
antama to me held is a few centimeters, which is of the
same order of mqmmde as the wavelen,m of the
emitted radiation.

BIle SlaliOD U'lDSmittiDg anteDDas are formed from
vertical mays of coUiDear dipoles that are pbuecl to Jive
a very DIllOW venica1 belmwickh. typically between 7
and 10 depees. The arrays are often IDOUDted in comer
reflecun to Jive sector IDbmMS with bWoDtal beam­
wickbs of between 60 aDd 120 depees. The UlteDDas are
most oflen IDOUIlted OD buildiDgs or on &ee staDcliDg
towers at least IS m hip.

DOSIMETRY

For frequeades between 800 MHz aDd 2 GHz,
escablilbld iDtenctioDS with bioloPca1 tiIIues are re1IIed
to the rate of eDel'IY d8poIitioD per UDit mus. The
dosimeaic quaaty commonly used is specific: abIorp­
tion rate (SAR) expressed in the unit watt per kiloJl'lDl
(W kg-I).

The mte:nIII 5 of baDd-be1d radiote1epboDes pres­
ently in operation or under developmet1t operate near the
head. Thus, localized RF exposure occurs within the
head.

Base station tl'BDSmiaing antennas are a source of
whole body exposure of people close to tbcm. Typically,
for bile SI&IioDs. the exposure diIIacN from the uans­
miniDlaarenDa' are peare:r thaD ~/A. wbere D is the
1... ctimenaioD of the aDtenD&, IDd Ai. the waveleqtb
of the field. Under these coDdiIiODS, die elecaic aDd
mapetic field c:ompoaeIlts vary inversely with distaDCe
from the antenna and the power density varies inversely
as the square of the diataDcc. This reJion is called the
radiating far field. Under such exposure conditioDS,
demonstration of compliance with basic limits of expo­
sure can be made by comparison of the measured or
calculated power density or elecaic or mapetic field
strength with derived limits of power density or field
suength.

In the case of hand-held radiotelephones, however,
the exposure distance for the user is less than 'lfil/A, and
the RF field contains significant reactive components
that interact strongly with objects and with people. This
may result in a localised pauem of absorption produced
from the resulting anisotropic field. Demonstration of
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compliance with basic limits, which are formulated in
terms of SA&. can be acbieVed tbrouIh coupled head­
IntenDa c:alcu1&tiou of the spatial deposition of enerlY in
the bud, complemented by meuurements of energy
depoailion in appropriate IIWOIDic:al phantoms and com­
parison with recommended localized SAlt basic limits.

Power absorption from the anteDDl of a hand-held
radicxelepboae is very iJlhomoIeneous (Balzano et aI.
1978&. b~ Chatterjee et aI. 1985~ 'Fleming and Joyner
1992; Dimbylow 1993; Dimbylow and Mum 1994).
SAR values in the bead depend on the ndiated power,
frequency, anrama design, its position with respect to the
head, and the mode of operalion (duty cycle). The
locaEioD of the antenna feed point in relaIion to the head
is panicularly imponant. Both calculaIions and experi­
meatal S1Udies in tiuue-equiva1ent pbantoms have re­
vealed that existina basic limits may be significantly
exceeded when usiDI a ponab1e radio or radiote1epbone
emiaiD& 7 W (e.g., Cleveland aDd Athey 1989~ Kuster
aDd BaIzaDo 1992; Dimbylow 1993). Cleveland and
Atbey (1989) sbowed that panable ndio traDsceivers
would be capable of exc:eedina a local SAR of 8 Wkg-I
aveapd over 1 g mass of tiuue (IBEE Jocaliud SAR
limil.1BIE 1992). iftbe u.IOIiver bid an omput power
of 7 W BDd a 100-i duty cycle. Dmiq narmal use and
typical powers of 1 to 2 W, 8 W q-I would DOt be
exc.wded. However, Dimbylow aDd Man (1994), as­
sumiDa an. &1daDI. to aD Idult held (eye) separation of
2 em. bave caIcWa1ed tbat far a power of 7 W (l~
duty cyde) die peak SAIl ill tbe t.d wID be 33 W q-l
a~over 1 • lUll for 900 MHz _&'ion IDd 54 W
q-l for 1.8 GHz ndi11ioll TbiI impliea that the IEEE
basic limit of 8 W q -1 avenpd oYer 1 I mus will be
ex.ceede4 for duty cycle wei"" powers greater than 1.7
W for 900 MHz radiation and 1.0 W for 1.8 GHz
radiation.

BIOLOGICAL EFFECTS

1be scieDcific literaeure on the bioloJical effects of
RF fields (iDcludiD& micIOwavea) bu been reviewed
.-aively (S1unden It al. 1991; NRPB 1992. 1993:
UNI!PIWHOt'DtPA 1993). Altboup most data do not
relate specifically to bud-held radiotelephoae use, they
do provide information relevaDt to a bealth risk assess­
JDIDL In order to Iddreu questioas railed by prolonged
expoIUl'e to modulated ndioflequency IrIDSmission, or
specific ad points such IS cucer, it is necessary to
collect infOllDalioD from a wide nDp of experiments
CIl'ried out on diffenllt bioloJical systems exposed under
various CoaditiODS. The relevuce of these data to the
exposun: of people may. however, be limited due to
differences in the coupliDa of the fields to the exposed
objects and differences in the responses of different
bioloaical systems compared with those of humans.

Most of the establisbed bioloJical effects of expo­
sure to RF fields are consistent with responses to induced
healing, resulting in rises in tissue or body temperatUre of
greater than l°e (UNEPIWHOIIRPA 1993). Most stud-
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ies eumined eDC1 points otber than c:aDCCr; many exam­
iDIG pbysiololicallDd tbe:mloreplatory reIpOlIIeS, ef­
fects on bebavior IDd on the induction of lens opacities
(CItIrIdS) IDd aclvene reproductive outcome foUowiDg
acute exposure to relatively high levels of RF fields.
Very few studies are relevant to the evaluation of RF
exposure on the development of cancer in hUDIIDS.

CaDcer-lWated Itadies
The ICientific evidence indicates that ,exposure to

IF fields is not mutapDic and is tmnfare UDlibly to let
as an initiator of CIrCiDopDesis (lEBE 1992; NR.PB
1992; CridJaDd 1993; UNBPIWHOIIIPA 1993). For
ex...... a JUIIDber of in YiIro IIDdieI bave reponecl a
1IGk of RP-iDduced DNA dmnap (8.••• Hamrick 1973);
pGlitive .... bave been acaibuted to the praeoce of
Cu+ imll (SapipIDti et al. 1987). A 1Ick of effect of IF
exponre baa also been reponed on muta1ion frequeacy
in y8llt (DmIaIbon et at 1981. 1985) IDd IIlOUIe
leuiMmil ce11s (Meltz et 11. 1919) aDd on cbromoIome
abeIratioD fnqueDcy in hU1DlD lympbocytel (Uoyd et al.
1984, 1916). In two rodeDt 1IUdieI. tt.e is the ....­
tion tbat ItP fields may aftect DNA dinctly (SIIbr et al.
1994; Lai _ SiIIab 1995). WMa mice .....~ to
2.45 0Hz fielda at 10 W m-2 (SAIl 1.18 W q-l) for
2 b d- I far 120. ISO. aad 200 d. dille was In iacfiArioD
of ItI'tI*ral .....c reaaaaa-t ill.. aDd ...
CIUI (SIIIrar et aL 1994). Lai ad Smp (1995) reponed
tbat .. expoItld to pulled (2 ".. d\8lion pu1MI. sao
pUea ,. JeCOIId) or COIlIiDuaua wave (cw) 2.45 GHz
fWda wiIb SAIU of 0.6 or 1.2 W q-I for 2 h iDcnued
the ...... of aiDaIe s1nDd brub in braiD DNA. Both
m.e pIIp8II produced quaDtitadve daIa IUhject to
SOUICU of m.-1rial vmaDoa ad~ error
such u iIIcampIIIe DNA dipItion (SIIbr et11. 1994) or
,.....11y biIb JeftiI ofblckpoud DNA fnpaeaCltion
(Lai IDC1 SiIIIb 1995). 1beIe apaiments IhoWd be
~w.the~~.~in~~~w
UI••IWDt, eapecia1ly liven the wei&bt of evidence
... dna tbe RP fieIdI are DOt paocoxic. Punber. in
1IIiIIIal1CUdiu. molt wellco~ iDveI1:ipD.onI repon
a 1IGk of clucoa-ic effect in me 1O..a.c or prm cells
of expaeed Mi.,'· (UNEPIWHOIIRPA 1993).

0dIer ItUdieI bave enmined the pouibility that RF
radilDon may influeace tumor promotion throuah in­
creIMI in the rate of cell proliferation via effects medi­
aced tbIauP ch8ps ill proliferative sipaJ)jng path­
ways. leedjna to enhtuMd trIDIc:ription and DNA
syntbeail (CricI1aad 1993; SiIatiewicz et al. 1993). Ion
fluua tbrouah the cell memlnne CODStiblre important
siDaliaI J1MlCbIIliams, A number of reports sugest that
RP ndiition may be capable of aflectinl ion fluxes via
drtcU on ion pumps such u Na+1{+-ATPue in human
red blood cella exposed to R.F IDCl microwave ndiation
(AUis aad Sinba-RobiDJon 1987; Uu et ai. 1990). Ather­
mal effects on poss tl'lDlCripcion, u meuured by incor­
pcnticm of the specific RNA pncunor 'H-uridine, have
been reponed foUowin. b exposure of poma cells to
IF IDd microwave l'Idiation (Cleary et al. 199Oa).
Similar effects OD cellular proliferation, assayed as the

incorporation of the specific DNA precursor 3H_
thymidine. were also reported foUowiDa exposure of
hWDID lymphocytes (Cleary at al. 199Ob) or glioma cells
(Cleary et aI. 1990&). Both trlDSCription and proliferation
were elevated at an SAR. of 2S W q -1 but appeared to
be uncbanpd or even depressed at higher SARs. RF
exposure has also been reponed to induce the activity of
omitine decarboxylase (ODC), an enzyme, levels of
which are often elevated during cell growth and tumor
promotion. The exposure of mouse fibroblasts to
amplitude-modulated microwaves at an SAR of 3 W
kg-I incIeued ODC activity (Krause et al. 1990) but to
a much lower level thin truIDIIDt with a chemical
promoter. In Iddition. chaJIpI in tbe level of this enzyme
are not neceallrily indicative of cell promotion (NRPB
1993).

Allays of cell traDIformation are used to detect
chin.. conaiJtent with tumeXipnaia but do not provide
information OD ~e nature of the dImIp living rise to the
chap. An increued rate of in virro UIDIformatiOD has
been reponed (Ba1cer-Kubiczek and Hmilon 1985 1989,
1991) in a chIOmoaomally abIlormal ce1lliDe. Bnhanced
t:raDIformIIion rIteS were found in C3HlaI'1I2 cells
expoIId to combiDed ampIiIude-modulated microwaves
(4.4 W q-l) and x rays followed by 1reIDDeDt with the
dMaical pmmatc TPA. compued with cells exposed
0D1y to x rays IDd TPA (Balcer-Kubiczek IDCl Hmison
19.5). Similar levels of eDbaJlC'«1 traUformation rates
were fOUDCl after exposure to microwaves and/or x rays
(l.S Gy), followed by tnIIUDIDt with the promoter
(Balc:er-lCubiczek ad HarriJon 1989). However, there
are incOllliJtencies between these two studies. In the first
study. microwave expoIUIe naulUld in a S~ reduction
in pJ.ItiDs eftici.eacy. wIdIo in tile second DO such effect
wu obIcrvcd. Punbar.l11boup me data from the second
study were consistent wi1h In additive effect of micro­
waves and x rays when followed by 11'A treatment,
unlike the first study this effect wu Dot statistically
sipifiCUlL More rec:endy Balc:er-Kubiczek and Harrison
(1991) reported that~ to microwaves at SARs
between 0.1 and 4.4 W q-l followed by 11'A ueaanent
resulted in a dole depeDdeDt iDductioa of UlDSformation;
in Iddition, microwave exposure alia:bdY eDbanced the
effects of x irradiati.on and'1?A on ttansformation rate.
The result of d:Iese SbJclies of OR1aI'112 cells are
imponant but their naults in respect of CllCinogenesis in
vivo are not c1elr: C3HlaI'1I2 cells are chromosomally
hiply abnormal. aDd their response to proliferative
stimuli may be atypicIl. In addition, transformation
studies tend to be susceptible to a variety of experimental
coafounding facton (NRPB 1992).

Most caacer SIUdies UIiq aDimaI models have
sought evidence of an effect OD spontaneous or natural
~cer rates, eDbaDceme:nt of effects of known carcino­
gens, or effects OD powdl of implanted tumors (NRPB
1993; UNEPIWHOIIRPA 1993), but have provided only
equivocal evidence for an effect OD tumor incidence.
Chronic microwave exposure of mice at 2-8 W kg-)
resulted in an SAR dependent increase in the progression



or developmellt of spoIltIDeOUS (mamlDlry) or chemi­
cally induced (skiD) tumors (SzmigielU:i et aI. 1982;
SzudzinsJcj et aI. 1982). A tiInber smdy showed that
exposure at 4-5 W q-l followed by the IppIicatioo of
a sub-carciDopnic dole of a chemical CIICiDopn to the
skin. a procedure repear.ed daily, eveDIUIIy renlted in a
threefold iDcrease in skiD UUDan (SmiFeJaki et 11.
1918). However, at the biJber~ iDdirect tem­
perature mediated etfecu CIImOt be excluded.

AD ex1eDSive inveati.priOl1 on rata cbroDically ex­
poted &om 2 up to 27 mo of ap to low-level pulled
microwaves at SARs up to 0.4 W q-l reponed that no
siqle type of malil:2'r tumor wu enbelCed (Guy et 11.
1985: Chou et 11. 1 ). Ovenll die iDddIIIce ofprimKy
malilD"'Cies wu similar to that npaned e1Iewbae in
rata of tbia type. If the iDcideDce of primary mBlill'Ult
lesions wu pooled without reprd to site or cause of
dcad1. however. the exposed poup bad a sipifiClDtly
hiIber iDcideDce compared with the coldlOl poup. AlIo.
primlry maJill"DCies occuned elriier in the exposed
poup compared with the sbam expoMd 1fOUP. While
iDferestiD&, tbeIe data do DOt provide c1eIr evideDce ofUI
iDcreuc in QIIIlOr iDCideace u reau1t of microwave
expoMe. The incideace ofbeaip tuman did DOt appear
en"wlced in the expoted paup compared with me
C08IIOls, DOl' WU Illy panicuIar type of ....'1'" in the
expaIId poup .ipificantly ele-.cl compared with the
val.. repart8d in stock rata of 1biI ....

III ccmInIt to tbeIe zeporta, s&udies in which caacer
cella lie iIQoct.ed iDto animals bave ftIIPCII'8d a lack of
effect of apoIUIe to cw IDd paleed ItF ndiMion on
tIIIIIIOr pnIINIIioIl (SaadDi et al. 1911: Salford et ale
1993). III panicuIar. the pnIINIIioIl of meJaDoma in
mic=e wu uaatrected by daily expoIUIe to pulled or cw
microwave rldillion followiDa subcn1lD"01JS impllata­
tion (SaDIiai et 11. 1988), IDd the propaaiOD of brain
tumOl'S in rata WU DOt affected by cw or pulled micro­
wave radialion following the injection of tumor cells into
the braiD (Salford et ale 1993).

Moat of the ex.perimeDts described above were
coaducted UIiD& RP fields at frequeacia aDd moclula­
tiOlll dillenDt hID thole cbaracfeIiIQc of baDd-belcl
radioreWpboaes. TIbD ovenU. the evidence sugests
that RP exposure is DOt lD1....ic IDd is therefore
unlikely to iDiIiaIe CIDCeIS. The evideDce for a co­
cazQDopaic e1fecr or aD eftect on tumor promotion or
propeuion is DOt substaDlive. However, these few stud­
ies are sufficiently indicative to merit further invesliga­
tion.

Amplitude-modulated RF uad microwave elrects
Exposure to very low levels of amplitude-modulated

RF radWion, too low to involve beatiD&, bas been
reponed by severel groups to alter the electrical activity
of the braiD in eats aDd rabbits, to alter the activity of the
euzyme ODC, levels of which may be elevared duriDg
tumor promoDon, &lid to I1fect calcium ion mobility in
braiD tiuue in. vivo end in vitro (NRPB 1993: UNEPI
WHOIIRPA 1993). Effective SARs in. vitro were less
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than 0.01 W kg-I occurring within "modulation ire­
quacy wiDdows" (usually between 1 BDd 100 Hz) and
sometimN witbiD ''power density wiDdows." These
chili'" in calcium ion mobiJUy bave DOt been euy to
COII'Oborate. 'Ibeae data M'llonp the conventional .as­
sumption that the UkeJibood or severity of en effect
iDcreuea IS some fuacIi.oD of "doee:" however they are
DOt autIlciatly well establiabed nor are their impJica­
tions for humID health sufficieDtly well UDderstood to
provide a basis for restricliDg human exposure.

Palled radIatioD
BxpoMe to very iDtease pulsed microwave radia­

lion bII bleD reponed to IuppnIS the startle response
aDd evoke body movements in CODIclous mice (NRPB
1993; SiIBkiewicz et al. 1993: UNEPIWHOIIRPA
1993). Specific eDCIY abIorpciODS were 200 mJ kg-I
(for 1 '" pubes) aDd 200 J q-l (for 10 '" pulses) for
~ of the startle response BDd evoked body
movell*ll, rapec1ive1y. The mecb,msm for these ef­
fects is DOt well emblisbed. In addition, people with
DGaIIIl~I bave pm:eived pWle-modnJMed RP ra­
diI&iaa of hquaacieI between about 200 MHz aDd 6.5
CJHz. die IO-CIIJed mk:rowave baIiDI effect. Tbe IOUDd
baa be-. VIriauIly dllcribed IS a "J%ziD&, clickiD&,
biIIbII or pappiDa IOUDd, depe8di.. CD ",ndlll8&ion
~ (NeaP 1916: NRPB 1993: UNBPIWHOI
JRPA 1993). ProJaapl or~ exponre may be
IICI8UfaL It__ IIIOIt libly that the IOUIId realilts from
tbe ...... of the incideat eIIIq)'. The perception
m-IaoId far pubes abOI1Ilr tbaD 30 '" depeDds on the
-aY dIaIjty per pu1Ie aDd bas beeD eaim,red as about
400 mJ m-2 at 2.45 (]Hz, conespoadiq to UI es1imated
peK~ eDerIY abIoIpIioD in the bead of about
16 mJ q -1. However, a reduclion in ambient noise bas
been nIlpOfted to reduce tbia to about 280 mJ m-1. These
poceadlUY stressful aDd harmful effects should be
avoided.

Same ItUdiea sUUest that the retina, iris, aDd cor­
nal adodaeJium of the primare eye are susceplible to
low-level microwave l'Idiation, pIdiculIrly to pulsed
rldilliOl1 (NltPB 1993: Sienkiewicz et ale 1993; UNEPI
WHOIIIPA 1993). Various deaenerative changes, par­
ticularly in the Jiabt SeDSilive cells in the retiDa, have
beeD reponed: specific eDIqies per pulse ~10 I.LS pulses
at 100 pu1Iea per second) were 26 mJ kg- BDd even as
low II 2.6 mJ q-l after the applicatioo of a dnlg used
in tile tJ'UbDeDt of aJaucoma. Exposure to low levels of
pulled or cw microwave radiation bave been reported to
affect neuroIDIWDiCter JDeIIboljam aDd the concentration
of ncepton involved in streII aDcllllXiety responses in
diffenmt pans of the blain (NRPB 1993; Sienkiewicz et
al. 1993: UNEPIWHOIIRPA 1993). Forpu1sedradiation,
the tbreabold spocific eDerIY per pulse was approxi­
lDIIe1y equal to the microwave auditorY threshold. How­
ever, these studies could not be replicaled (Kamimura et
al. 1994).
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MaDy epidemio1oP:a1 sUIdiea bave Iddreued p0s­
sible liDb between exposure to RP lidillion aDd excess
riik of CIDCCI'. There are ditric:gbiill in tbe deIip.
UlCUDon, aDd interprefaIioD oftbeIe ..... pmiculaiy
widl I'IIpICt to tbe ideDtificasioD of ItIIdy papal,lioos
with~ RP exposure ad reuoepecdve .....s-
a.t of audl apoIID. . . .

A...... I&IIdy ofndir (RobiMUe et 11.-
1910) iIlvolYiDa over~.ooo people far 2 y aDd
followed up for 20 y failed. to idaIdfy an iDaeued
iDcidIDce of iI1DIu or manaIity UIOCiMid with expo­
... I JDienfoId et II. (1978) IIUdied 1.800 employees
IIId 3,000 ctepeacIeDts of the UDUed S.... embassy in
MOICOW who were expoeed to low loWl RF ndildon in
die embu.y. They did DOt find lipificut IdverIe beIlth
effects in tbat population. Snn;,;eJIki et II. (1988)
reported an iDcreued risk of caa.cer in mitiwy penoIIIId.
However, the reaWtI of this study are diflcult to interpret
bec:use neither the size of the populItion nor the
ex.poaure levels lie cleuly stated.

Review Jl'OUPS evabwina the Stile of lmowledae
about possible liDks between RF expoeure IDd excess
risk of cancer bave CODCluded tbat dIere is no clear
evidence for this (IEEE 1992; NRPB 1992; UNEPI

WHOIIRPA 1993). The UDited JCiD&dom NRPB Advi­
sory Group on Non-iOliisiiJa RldiatiOn concluded that
thae is no finn qUlD1itltive evidence of a cmiDogenic
hazard .from eIedromapetic field exposures for the
general public and workers in the electticIl, e1ecUonics.
and telecommunications industries (NRPB 1992).

INTERNATIONAL Gt1IDELINES FOR
LIMITING EXPOSURE

T....,;maJ auidetines for Jimiriq expaIUIe to elec­
1rClIIIIpIIic fields in. Ibe fftquacy .. 100 kHz to
300 0Hz bi.ve bleD ptiilbid (lRPAIJNIllC 1988). These
are '.1[MId to provide a life, bII1Ihy woddDa or liviDg
WiYmMiMlt fram exposure to ndiofnlquacy ffeIds under
ill normal COQditioaa

Billie limits of exposure in teims of whole body and
locatipd SAR lie p!OVicIed topther with daived power
deuity aDd electric ad mapelic field .aeqths limits.
UmitI for~ body~ are provided for both
occu~ (0~4 W q-l) and fOr paenl putilic expo­
sure (0.08 W q-l)..1n the fIequeDc:y nap approprWe
to baa.d-be1d ndiot8lephODea; the localized·SAlt limit for
oc:cupIIic.Ia1 expoIure of the held js 10 W q-l aver­
apd over any too amass of tiuue. HoweVer, no
JocaIiMd.SAIt limit is provided for equivalent exposure
of the paal pabUc.

While IeNnU» is fomuilaQna comprebeosive pide­
linea on expoIUIe liBiits. the buic limits for 10C1tized
expoIUI8 have heeD...upon. ICNIRP recoinmends a
100000pd SAR limit of 10 W q-l averapd over any
10 I !DIll of tiaIue in the held for occupationll expo­
sura aDd 2 W q-l aveapd over any 10 a mass of
tissue in the held for pncnl public exposure.

ASSESSMENT OF HEALTH RISKS

PIom dosimetry studies (Dimbylow IDd Mann 1994;
Meier et II. 1995), the ICNlRP 10Cltized SAl. limit for
occupMiaW IxpoIure of 10 W q-l avenpd over any
10 I .... of tiIIue is DOt UblY. to be exceeded UDder
DCinDal use coDditioaa for bed... with duty cycle
-abted powers lela tbIn 3.2 W for 900 MHzrldiariOD
_ 2.2 Wfor 1.8 GHz rldiarion, IDd the limit for pneral
public expoaure wID not be exceeded under normal use
CODditiaaa fOr baa.dIets with duty cycle weiBbted powers
1_ tbIn 0.6 W for 900 MHz fields IDd 0.4 W for
1.8GHz fields. 'IbeIe cllcu1ated vllues (Dimbylow and
Mann 1994) lie based on an antenna to hUd separation
of 1.4 em tbat is the transmitter cue in contact with the
head and the assumption that all the available power from
the handset is radiated. In practice. because of the
electrical characteristics of antennas, the power radiated
will be less than the available power. The energy dep0­
sition occurs.mainly in the superficial tissues of the head,
pIIUculuiy the skin and underlying muscle. with little
penetration inside the skull.



CONCLUSIONS

It is recopized that, under eenain cil'cumsWlee5,
RF emissions from band-held ndiocelepbones can cause
interferace with the function of some electrical and
elecl1'Onic equipment (for example, with bariD& aida).
Of concern is the problem of intede:rence with electro­
medical equipment, especially life suppon devices.

It is recommended. therefore. that the use of radio­
telepboaes is NIUicced to areas where such interfereace
effects are unlikely to occur (e.g., well away from
hospital intensive care clepartmeDts and similar loca­
tions). MuwfICtu.rers of electrical equipment are encour­
apeS to delip aDd manufaetule equipment that is insen­
sitive to RF interference.

FoUowiDI a critical review of the sciem:ific literature
ICNlRP has rached the following CODClu.sions:

1. The raults of published epidemio1olical studies do
nor fOlm a basis for health bazud ._8MDU of
exJIOIUl" to RF fields. and D.eisber Call they be used for
.... quutitadve resuidions on b_ exposure.
TbDy do DOt provide a basis for baz8rd ••SI.1:DeIIU in
~ to me use of band-held radiotelephones IDd
bile 1IIDI1Diuers.

2. DIIa from laboratory studies relevant to cancer do not
pcovide a buis for limitina exposure to me fields
IIIOCiIted with the use of band-held ndiote1epbones
..bile tnnsmiuers. .

3. Limits for b1UIIIIl exposure to the fields lIIOCiated
wid1 die use of band-beld radiorelepbaaes IDd bile
tr.ln~ should be thole of die lN1R.C (IB.PAJ
lNIIlC 1988) for wbole body avcnp SAR and thole
of ICN1RP for localized SAR set out in this docu­
IDeDt.

4. Tbere is no subsWltive evideDce that adverse bealth
effects. including cancer, Call occur in people exposed
to levels at or below the limits OD whole body avenae
SAlt ftlCOIDIDended by INIRC (JRPAIINIRC 1988) or
at or below the ICNIRP limits for localized SAR set
out in dais document.

S. At die fftMpIeadea and power levels involved in me
UIO of baDd-beld radiotelephones there will be no
CCMICCD1 about abocks and bums.

6. The localizeci SARs in the bead associated with the
use of baDd-held radiotelephones must be assessed for
each frequacy and CODftpradon used.

1. For hand-held radiotelephones used in occupational
situations. ICNIRP reco1TU11ends that the localized
SAR in the head be limited to 10 W kg-I averapd
over any 10 g mass of tissue in the bead (0.1 W
abaorbed in any 10 g mass of tissue in the head).

8. For hand-held radiotelephones used by the leneral
public. ICNIRP recommends that the localized SAR
in me bead be limited to 2 W kg- 1 averqed over any
109 mass of tissue in the bead (0.02 W absorbed in
any 10 g mass of tissue in the bead).
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9. The use of l'Idiocelepbones should be restricted to
areas where interfenmce effects are UD1ikely to occur
(for example, well away from hospital intensive care
departmeDts aDd siDWar locations). ManufIcturers of
electrical equipment are eacourqed to design and
lDIDufIcture equipment that is insensitive to RF
interference.

A.dII ."..........n. 1UppGft"""" by cba lQUIP fnIIIlabe lIPA.
cba Wodd IIIiIIdI 01: iMc!= dill UIiIId NIIIau lID. ' JIro.
..-.cba ....1IIi••, Labour om..lIId abe BlnpuD Cmnnri'ejce II
pwfully acbowlldpd.
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